Background: Prepregnancy cardiometabolic risk factors are associated with in-
| INTRODUC TI ON
Pregnancy can be regarded as a cardiometabolic stress test, 1 with failure of maternal adaptation and pre-existing risk factors converging to contribute to adverse pregnancy outcomes. 2, 3 Furthermore, adverse pregnancy outcomes may also unveil susceptibility to future cardiovascular disease in women. 1, 4, 5 Recent meta-analyses have reported nearly a 2-fold increased risk of cardiovascular disease in women with a history of preterm birth (delivery <37 weeks' gestation) 6 and nearly a 2-to 4-fold increased risk of future heart failure, coronary heart disease, cardiovascular disease death, and stroke in women with a history of preeclampsia. 7 Although the exact mechanisms that contribute to adverse pregnancy outcomes such as preterm birth and preeclampsia are poorly understood, preconception health is thought to be important. [8] [9] [10] Few longitudinal studies have individual-level cardiometabolic risk factors measured during preconception. 4, [11] [12] [13] Adverse cardiometabolic risk profiles including elevated blood pressure, high body mass index, and inflammation are not randomly distributed in society and tend to cluster in lowincome and minority neighbourhoods. [14] [15] [16] Further, these same neighbourhoods also have a disproportionate burden of adverse pregnancy outcomes and cardiovascular disease. For example, the percentage of infants born preterm is nearly 50% higher in black as compared with white mothers (13.4% vs 8.9%). 17 Black women ≥20 years old also have higher prevalence of cardiovascular disease as compared with white women (47.7% vs 35.1%).
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Yet, the extent to which neighbourhood features may have an independent association with adverse cardiometabolic risk profiles beyond individual-level risk factors have been relatively understudied in pregnant women, [19] [20] [21] with almost no studies incorporating commercial data. 21 Neighbourhood-level data that describe the density of retail businesses, food outlets, and alcohol sales have been largely absent from the body of literature examining the role of neighbourhood environments on maternal health. The inclusion of commercial data is important because inequities in the distribution of retail, food, and alcohol outlets may contribute to poor diet quality or inadequate gestational weight gain or loss. Further, these data can provide insight into understanding racial and socio-economic disparities in the overall burden of cardiometabolic risk.
Measurements from the Prenatal Exposures and Preeclampsia
Prevention study were linked to Census-based measure of neighbourhood socio-economic status and commercial data (food, alcohol, and retail density) to explore the role of neighbourhood assets on cardiometabolic risk factors in pregnant women during 1997-2001. The hypothesis of the study was that lower levels of neighbourhood assets (high-poverty/low-retail) would be separately associated with higher systolic blood pressure (SBP), body mass index (BMI), and C-reactive protein (CRP) concentrations.
Effect modification by maternal race was also assessed, given the excess burden of adverse pregnancy outcomes and cardiovascular disease in black women.
| ME THODS

| Study population
The study population was selected from the Prenatal Exposures were interested in early pregnancy cardiometabolic risk factors, we also excluded women who were missing these measures (n = 192) or without a blood sample taken prior to 22 weeks of gestation (n = 145). Given that we were interested in exploring effect measure modification by race, we excluded those with missing maternal race (n = 34). Additionally, we excluded women who had a maternal residential zip code outside of Allegheny County, PA since our indices for the commercial data were restricted to this geographic area (n = 299). There were 1504 women included in this cross-sectional analysis ( Figure 1 ). This study was approved by the Institutional Review Board at the University of Pittsburgh, and written and informed consent was obtained from all participants. ) and frozen at −80°C as previously described using enzyme-linked immunosorbent assay (ELISA) on the SpectraMax Me analyzer (Molecular Devices, United States). 23 The limit of detection of the assay was 0.03 ng/mL, with an intra-assay coefficient of variability of 7%. CRP is an acute and chronic marker of inflammation and has been used to predict incident cardiovascular disease events in women such as peripheral arterial disease, stroke, and sudden cardiac death. 24 Moreover, CRP has also been associated with an increased risk of preterm birth and preeclampsia. 23, 25 All outcomes were measured at Magee-Womens Hospital by trained research staff. from population and area data generated from the 2000 US Census. 
| Early pregnancy measures
| Neighbourhood food and alcohol density
| Neighbourhood-level socio-economic status
| Neighborhood assessment and asset index
There was a total of 416 census tracts with a mean of 5 (range: TA B L E 1 Factor loadings and variance of examined neighbourhood asset indices a mean of zero and standard deviation of one prior to conducting principal components analysis. Standardisation was important so that variables measured in different units and at disproportionate ranges could contribute equally to the composite index. Principal components analysis of eight census tract and eight commercial variables was used to construct a neighbourhood asset index (Table 1) .
Scree plots were used to help ascertain the number of components to extract. Four components were extracted and accounted for 78.6% of the total variance of the data (Table 1) . Variable loadings were generally higher for the demographic component with an index
Cronbach's alpha of 0.73 as compared with food and alcohol density (α = 0.53), service stations (α = 0.65), and retail businesses (α = 0.62).
Regression coefficients from the principal components analysis were used to weight the individual variables for each component and subsequently were combined to create a neighbourhood asset index.
Neighbourhood asset index was categorised into quartiles as high, mid-high, mid-low, and low, with low scores indicating low levels of assets (ie, high-poverty/low-retail) and higher scores indicating high level of assets (ie, low-poverty/high-retail).
| Individual-level covariates
Covariates were obtained from the baseline study questionnaire and included potential confounders of the association between neighbourhood assets and cardiometabolic risk factors based on previously published literature as well as change-in-estimate procedures.
Maternal characteristics included age (years), race (white, black), education (<high school, high school diploma, less than 4-year college, bachelor's degree, or higher), parity (primiparous or multiparous), smoking during early pregnancy (yes or no), and gestational age at time of enrolment or first blood draw (weeks). Other potential confounders including alcohol consumption, multivitamin/prenatal vitamin use, and household income were also evaluated. However, these factors did not change the parameter estimates by more than 10% and were not included in the final regression models. Education, parity, and smoking were not included in the main analysis since they may be on the causal pathway from neighbourhood features to cardiometabolic outcomes.
| Statistical analysis
The distributions of early pregnancy cardiometabolic risk factors, neighbourhood asset index, and covariates were examined using medians and interquartile ranges for continuous variables and proportions for categorical variables. We used multilevel random-intercept linear regression to separately estimate the mean difference in SBP, maternal BMI, and CRP associated with neighbourhood asset levels. CRP had a skewed distribution and was log-transformed and was presented as geometric means for interpretation. First, we fit an unconditional means model to estimate the proportion of variance in each outcome explained by clustering at the census tract level (ie, intraclass correlation coefficients). Second, we fit an unadjusted model with neighbourhood asset alone (level 2). Third, we fit adjusted models that included both neighbourhood assets (level 2) and individual-level (level 1) characteristics. Further, we considered the non-linear effect of neighbourhood assets on early pregnancy cardiometabolic risk factors by using penalised B-splines, a nonparametric smoothing method. Given the evidence that the association between neighbourhood environment and cardiometabolic risk factors may differ in blacks and whites, 14, 15 we tested effect measure modification between neighbourhood asset levels and maternal race by including an interaction term in our regression models. There was no evidence that the association between levels of neighbourhood assets and SBP (P = 0.91), BMI (P = 0.82), or CRP (P = 0.44) varied by race.
To maintain consistency with previously published literature, [19] [20] [21] we included education, parity, and smoking status in our regression models. An additional adjustment was made to account for gestational age when samples were collected and when women entered the study. Given the evidence that obesity is associated with systemic inflammation, 30, 31 we included BMI as a covariate in our sensitivity analysis when examining the association between neighbourhood assets and CRP as done in previous studies. 16, [32] [33] [34] Conversely, BMI
was not included as covariate in our SBP analyses because we were interested in assessing the direct effect sizes associated with neighbourhood assets. Although we accounted for potential residual correlation by modelling intercepts and regression coefficients as random, this did not allow us to account for the correlation between individual and neighbourhood levels (ie, individual education and neighbourhood socio-economic status). Therefore, we conducted a sensitivity analysis using generalised estimating equations. Last, we evaluated the importance of including commercial data to the models that only used census data by comparing −2LogLikelihood (−2LL) to assess model fit. From each model, we report the unadjusted and adjusted beta coefficients and 95% confidence intervals for all women and do not stratify by race. High neighbourhood asset was the referent for all analyses. We used SAS version 9.4 (SAS Institute, Inc Cary, NC) to construct all data sets and perform all statistical analyses.
| RE SULTS
The distributions of age, race, education, primiparity, and smoking differed across levels of neighbourhood assets. Compared with women in high asset neighbourhoods, those in low asset neighbourhoods were generally younger [median (IQR) = 21.5 (5.7) vs 26.2 (10.
3)], more likely to be black (70% vs 21%), have less than a high school education (31% vs 14%), and were less primiparous (55% vs 63%). Additionally, women in low asset areas were more likely to be smokers compared with those in high asset areas (34% vs 23%; Table 2 ). The distributions of BMI and CRP differed by levels of neighbourhood assets. However, there was no difference in the dis- The intraclass correlation coefficient for the unconditional means models for SBP, BMI, and CRP was 0.7%, 5.0%, and 3.4%, respectively. Women with low (β 1.95 kg/m 2 , 95% CI 0.89, 3.00) or mid-low neighbourhood assets (β 1.13 kg/m 2 , 95% CI 0.16, 2.10) compared with high assets had higher BMI after adjusting for age and race (Table 3) . Related, low assets were associated with higher CRP concentrations in both unadjusted (β 0.31 ng/mL, 95% CI 0.11, 0.52) and adjusted models (β 0.38 ng/mL, 95% CI 0.17, 0.60). In contrast, we observed no association between level of neighbourhood assets and SBP at less than 20 weeks' gestation, in both unadjusted models and models adjusting for age and race (Table 3 ).
Similar to the main analyses, in our sensitivity analyses where we further adjusted for education, parity, and smoking, we found higher BMI (β 1.67 kg/m2, 95% CI 0.62, 2.71) and CRP concentrations (β 0.34 ng/mL, 95% CI 0.12, 0.56) in women residing in neighbourhoods with low assets compared with high assets (Table S1 ).
Further adjustment for gestational age had minimal impact on these estimates (Table S1 ). After adjusting for BMI in addition to other individual-level covariates, we found that women in low asset neighbourhoods had higher CRP concentrations compared with women in high asset neighbourhoods (β = 0.20 ng/mL, 95% CI = 0.01, 0.39; (17) 79 (21) 52 (14) High school diploma 159 (43) 172 (46) 142 (37) 105 (28) Less than 4-year college 79 (21) 88 (23) 91 (24) 89 (24) Bachelor's degree or higher 17 (5) 53 (14) 68 (18) in areas with high assets (Table S3 ). Based on changes in the −2LL, the model containing census and commercial data was improved compared to the model with census data alone only when examining CRP (change in −2LL = 5.1, P < 0.05).
| COMMENT
| Principal findings
Using early pregnancy measurements from a birth cohort linked to neighbourhood-level data, we observed that women with low neighbourhood assets had higher BMI compared with women with high neighbourhood assets, after adjusting for individual-level characteristics. Related, we also observed that women living in neighbourhood areas with low assets had higher CRP concentrations compared with women living in neighbourhood areas with high assets, after adjusting for the same covariates in addition to BMI. We observed no association between level of neighbourhood assets and SBP. Although black women had lower levels of assets compared with white women, the association between neighbourhood assets and early pregnancy cardiometabolic risk factors did not vary by race. This may provide some evidence that the race-specific burden of adverse cardiometabolic risk may be associated with inequities in the distribution of neighbourhood socio-economic status.
| Strengths of the study
There are several strengths to this study. First, we included a Censusbased measure of neighbourhood socio-economic status and commercial data (food, alcohol, and retail density) which may better characterise the neighbourhood features that shape individual risk than census tract data alone. Second, we had early pregnancy measurements for all outcomes. Body mass index was not self-report and was based on measurements at time of enrolment or time of first F I G U R E 2 Neighbourhood asset is presented as z-scores with corresponding quartile cut-offs (low, mid-low, mid-high, high). To better discriminate quartiles within the distribution and for graphing purposes, we excluded 138 points. Each panel displays the non-linear regression function plotted through the observed data along with 95% prediction intervals. Panel A, observed and predicted values of systolic blood pressure as a function of penalised B-spline transformations of neighbourhood asset index. Neighbourhood assets were unrelated to SBP. Panle B, Observed and predicted values of body mass index as a function of penalised B-spline transformations of neighbourhood asset index. Low levels of neighbourhood assets were associated with increases in BMI. Panle C, Observed and predicted values of C-reactive protein concentrations as a function of penalised B-spline transformations of neighbourhood asset index. Low levels of neighbourhood assets were associated with increases in CRP concentrations. CRP was log-transformed and presented as geometric means blood draw. Third, we considered many potential confounders including parity, alcohol consumption, multivitamin or prenatal vitamin use, household income, and smoking.
| Limitations of the data
Our study is not without limitations. First, in a cross-sectional study design, we are unable to ensure temporality. Therefore, causal inferences cannot be made from our results. Second, we lacked information on maternal infection during the time of blood collection.
Given that maternal infection is positively related to CRP, but may be inversely related to neighbourhood assets, the effect estimates we reported are likely an underestimate of the true association. Third, we did not have information on psychosocial stressors which may mediate or modify the association between neighbourhood assets and adverse cardiometabolic risk. Fourth, we did not have information on other cardiometabolic risk factors such as lipid/lipoprotein levels or glucose/insulin levels during prepregnancy or early pregnancy. Fifth, we were unable to assess residential mobility and lacked information on residential history. We relied on residential address at delivery and assumed that women did not move during early pregnancy which may have resulted in exposure error. Given that our study sample was drawn from a longitudinal cohort where women received prenatal care and delivered at the same hospital, we find it reasonable to believe that either most participants did not move or may have moved within the same census tract during early pregnancy.
| Interpretation
The distribution of neighbourhood features in our study reflects the distribution in the general population of women of childbearing age in Allegheny County. In a previous population-based study of 55,608 women with livebirths during 2003-2010, neighbourhood socio-economic deprivation was highest among women who were black (63.8%), had less than a high school education (8.1%), or multiparous (7.4%). 27 Neighbourhood deprivation was also highest among women <20 years old (7.4%) and smokers (18.4%). 27 Our findings are generally consistent with prior studies that have found an association between the neighbourhood features and prepregnancy obesity. [19] [20] [21] For example, in a cross-sectional study examining the association between neighbourhood food environment and prepregnancy weight in New York City, the authors observed a 10%-14% increased odds of prepregnancy obesity for women living in a neighbourhood with no food outlets as compared with two or more healthy food outlets, after adjusting for neighbourhood deprivation, percentage commercial space, borough, and individual-level maternal characteristics. 21 However, prepregnancy weight >200 lbs was used as a proxy for obesity due to their inability to obtain information on maternal height which is required to calculate body mass index. Similar to the present study, a study of Swedish primiparous women in poor neighbourhoods had increased odds of being obese compared with women in affluent neighbourhoods, after adjusting for individual-level covariates including maternal income (OR: 1.80, 95% CI = 1.54, 2.19). 20 Our study extends these in several important ways by incorporating neighbourhood-level data that describe food and alcohol density and measurements of BMI. Further, our study also extends the notion that neighbourhood deprivation may underlie disparities in obesity prevalence during early pregnancy. Clinical significance of these findings is that increases in early pregnancy weight have maternal and neonatal complications such as adverse pregnancy outcomes, metabolic dysfunction infant adiposity. a Adjusted for maternal age and maternal race density increased from the 10th to 90th percentiles, SBP remained unchanged (125.5-125.2 mm Hg), after adjusting for birth cohort, individual-level characteristics, and population density. 35 Our study suggests that neighbourhood assets may not be associated with SBP.
Elevations in SBP are likely to be influenced by several factors [in addition to diet] including physical activity, stress, genetics, access to quality health care, and antihypertensive medication use, that are not directly captured in our index. Future studies are warranted to examine the association between neighbourhood socio-economic status and early pregnancy SBP.
| CON CLUS IONS
Our results provide new evidence that early pregnancy adiposity and inflammation are associated with neighbourhood features independent of age, education, smoking status, and parity. Further, inflammation in pregnancy is associated with neighbourhood features beyond accounting for individual-level covariates, including adiposity. Strategies and interventions that increase neighbourhood access to healthy foods and improve diet quality during preconception and interconception may be promising approaches for reducing adverse cardiometabolic risk profiles.
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